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Express Mail No. EL333159934U5

METHQODS OF USE OF THE TACUTACI-L INTERACTION
FIELD OF INVENTION

This invention relates penerally to the interaction between the transmembrane
activator and CAML-interactor (TACT) protein and jts ligand, TACT ligand (TACI-L),
use of the interaction in screening assays thereof, and related kits.

BACKGROUND OF THE INVENTION

Celtular change is ofien triggered by the binding of an exirinsic element, such as a
Ligand, to the extracellular domain of a cell surface membrane receptor protein. This
binding can result in cellular changes by activating and comtrolling intracelluler signaling
cascades and cell regulatory mechanisms. As such, understanding the initial binding
interaction between (e lgand and its receptor prolein can be of great interest to the
sciznlific community. A grester understamding of this interaction would enable one
skilled in the art to modulate the resulting signaling cascade governed by the
ligand/receptor interaction by selecting agents for co-stimulation or inhibition of the
binding of the lipand to its receptor.

The tamor necrosis factor (TNF} receptor family is a clzss of mammalian - .
signaling molecules that play.an impurta;xt role io protection against infection and
immune inflammatory responses such ns cellular signal transduction, stimulation of cells
10 secrele cytokines, cytatoxic T ceil proliferation, genersl cellular proliferation, lymph
nods frmation, bone formation, and bone degradation. TNF-mediatzd cellnlar signaling

. often involves & molecular activation cascade, during which a receptor teiggess a ligand-

seceptor mediated signal, Alterations in TNF activation can have profound effects on a
multitude of cellular processes, such as the activation or inhibition of cell-specific
responses, ¢ell proliferation, inflammatary reartions, and cell death,

The interactions between TNF ligands and receptors may restlt in one-directional
sigating (the interaction of the TN receptonligand triggers 2 signaling cascade in the
receptor only) or may result in bi-directional or reverse signaling. In the instances of bi-
directional or reverse signaling, the interaction would not only activate the signaling
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cascade of the TNF receptor but would also trigger a signaling cascade in a cell bearing
the TNF ligand. (8. Wiley et al., Jour, of Immum,, 3235-39 (1996).) Thus, understanding
the interaction betwezn s TNF recaptor and ligand may result in therapeutic weatments
involving the inhibition or enhancement of either one or both of the TNE receptor activity
of TRF ligand aciiviiy.

One member of the TNF receptor family is the transmembrane activator and
CAML-interactor {TACT), a cell surface protein. The TACE protein has been isolated and
is described in WO 58/36361. When activated, TACI stimulates the influx of calcium in
fymphocytes and initiates the activation of a transcription factor through & combination of
a Ca"-dependent pathway and a Ca™-independent pathway. Functions of TACT include
controlling the zesponse of lymphacytes to cancer and to foreign antigens in infections,
graft rejection, and grafi-vs.-host disease (GVHD). Furthermore, activation of
Iymphocyte signaling allows the posiive selection of functional lymphocyles rnd
nepative selection against self-reactive clones. (WO 98/39361 at 13.)

TACE modulated signals are often astivated by a extracellular lipand/receptor
interaction, which then wiggers an intracelinlar protein/protzin interaction. One of the
ingracelfular proteins which bind with the TACT protein has been ideatified. TACI
interacts with the calcium-signal modulating cyclophilin ligand (CAML), a protein
associated with the caicium pathway in lymphocytes. According to WO 98/39361, after
the binding of the extracellujar domain of TACI to an extracelluiar lipand, the
cytoplasmis dommain of TACT binds CAML, initating a Ca"-dependent activation
pathway, which inchudes the activation of the transcription factors, NF-AT, AP-1 and
NE,B, & factor implicated in the actions of other members of the TNF-receptor family.
‘The regions for the interaction berween TACTE and CAME, were defined as the
cytoplasmic COOH-terminal 126 amine acids of TACT and the NH-terminal 201 amino
acdds of CAML. CAML's ability 1o act as a signaling intermediate was verified by the
inkibition of TACT-induced activetion of the transcription factor whea blocked by a
dominmt-negative mutsnt. (Von Btilow, G, et al., Seience, Vol. 278, p.138-141 {1997))

Although this interaction between the cytoplasmic demain of TACI and CAML
has been identified, Hitls is known abouat the extracellular ligand with which TACT
interacts to initiate the intraceltolar cascades, Civen the important role TACT plays in
signsl transduction end given the potential therapies that may arise from the manipulstion
of the signaling caseades, there is a need in the art for the {dentification and
understanding of the interaction of TACT with its sigpaling ligand. Puther, thereiza




DDkl E9REIUE &L

G

10

15

it

seed for the dzvelopment of assays and therapetic methods using the interaction
between TACT and its signaling gand.

Another TNF protein that has been recently discovered is a ligand that bas been
designated Neurokine a, which is described in WO 58/18921. Identical nucleotide and
polypepiide sequeaces have alse been disclosed as “TL5™ in EP 0869180A1 and as
“63934" in WO 9827114,  As a member of the TNF family, Neutrokine @ palypeptides
were described as useful in the treatment of tumar and tonor metastasis, infections by
bacterie, virus and other parasites, immunodeficiencies, inflammatory disease,
lymphadenopathy, auteimmune diseases, and GVHD. Neatrokine o was also deseribed
as useful to mediate cell activation and proliferation. Further, Neutrokine « polypeptides
were described as primary mediatars of immvne regulation and inflammatery response.
(WO 94/18921 at 11; EP 086918041 a1 3)

As Neotrokine @ polypeptides may inhibit immune cell functions, the ligand was
described as also having a variety of anti-inflammatory activities. (WO 98/18921 at 49.)
Specifically, it was said that Nevtrokine a polypeptides could be nsed as an anti-
neovascularizing agent to treat selid tamery and for other non-cancer indications in which
blood vessel proliferation is not wanted, (Id.} The polypeptides conld also be employed
te enhance host defensss against resistant chronic and acute infections and 1o mhibit T-
cell proliferation by the inhibition of IL-2 biosynthesis. Finally, Neutrokine a
polypeptides could also be used to stimmlate wormd healing and to treat other fibrotic
disorders. (Id.) :

As such activities may be modulated by the Neutrokine a polypeptides,
knowledge of how the ligand functions would be of significent interest to the scientific
community. WO S%/18921, EP 0869180A1 md WO 98/27114, however, fail to identify
specific receptors with which Neutrokins o polypeptides bind. Idemtification of the
related TNF receptor would allow those skilled in the art to identify antagonists which
may then be used in therapies to treat the disordars associated with the Neutrokine ¢
polypeptides. Thus, there is 2 need to greater understand this TNP ligand, identify the
receplors with which it interacts, and determine how the interaction funclions.
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SUMMARY OF THE INVENTION

This invention aids in fulfilling thesz needs in the art by identifying a novel
interaction between the extracelinfar domsin of TACT and the Neutrokine a polypeptide
{hereinafter referred to as TACI ligand (TACI-L)), and uses thereof. Specifically, the
invention encompasses the identification of a novel interaction between TACT (SEQ. ID.
NO.: 2) and TACI-L {(SEQ. ID. NO.: 4),

The present invention provides 2 scresuing method for identifying molecules that
enhance or inhibit the TACTACI-L interaction, o that prevent or inhibit dissociation of
a complex formed by TACE and TACH-L. This screening method involves contacting a
mixtare of cells which express TACI and cells which express TACI-L with a candidate
molecnle, measuring celular responses, and detzcting the sbility of the cendidate
molecule to inhibit or enhance the interaction between TACT and TACI-L or inhibit the
dissociation of the comyplex Forned by TACT and TACEL. Successful inhibition
indicates that the candidate molecule is an antagonist. Increased activation of TACT or
TACY-L indicates that the candidate molecule is an agonist. The candidate molecules are
preferably small molecules, antibodies or peptides.

In 2 farther aspect of the present invention, & solid phase method taay be used to
identify small molecules which inhibit the interaction between TACK and TACI-L. Using
this roethod, TACI may be bound and is placed in 8 mixture with labeled TACT-L. After
contact, the amoant of signel is measwred. Diminished levels of signal indicate that the
candidate molecule inhibited the interaction between TACT and TACH-L.

In 3 still further sspect, the present inveution provides a screening methed for
jdentifying molecules which mirnic the biological activity of the TACITACEL
interaction. This screeming method involves adding a candidate molecule that binds o
TACT or TACEL 1o a biological assay and comparing the biological effect of the
candidate molecule to the Bological effect of TACITACEL complex.

In ye! a fusther aspect, the invention provides for s therapeutic uss of agonists and

" antagomists of the TACUTACI-L complex in the treatment of diseases modulated by the

complex.

In ill 8 further aspect, the invention provides for the antagonists and agonists of
the TACUTACI-L camplex.

Finally, the inveation relates to 2 kit to 2id in the shove determinations and uses.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the nucleotide (SEQ. ID. NO.:1) (FIG. 13) and dedaced amino acid
(SEQ. ID. NO:2)(FIG. 1b) sequences of the TACT protein.

FIG. 2 shows the nucleotide (SEQ. 1D, NO.:3} (FIG. 25) and deduced amino acid
(SEQ. ID. NO.:4)(FIG. 2b) sequences of the TACI-L protein.

FIG. 3 shows the amino acid sequence of a polypeptide (SEQ. ID. NO.:5), in
which a CMYV leader followed by a leucine zipper medif is fused to the N-terminal region
of the amino acid sequence of TACIL.

FIG. 4 shows the results of 2 plate binding assay capturing TACI-L in which the
ligand is diluted 1:2. FIG. 4o dernonstrates the results of the assay and shows the
complete saturation of the receptor binding sites. FIG. 4b, the Scatcherd plot
comesponding to FIG. 4a, demonstrates the actual number of sites that were bovnd. From
these resulis, an affinity constant of 1.53 x 10 can be generated.

FIG. 5 shows the results of a plate binding assay capturing TACI-L in which the
ligand is diluted 1:5. FIG, 5a demonstrates the results of the assay and shows the
complete saturation of the receptor binding sites, FIG. 5b, the Scatchard plot
corresponding to Figure Sa, demonstrates the actual number of sites that were hound,
From these results, an affinity constant of 2.2 x 10” can be gencrated.

FIG. 6 shows the resnlts of a plate binding assay capturing HuTACIIT:;c. FIG. 6a
graphs the complete saturation of the receptor binding sites. FIG. 6b, the Scatchard graph
which torresponds to FIG, 6a, demonstrates the actual number of sites that were bound.
The Scatchard plot of FIG. 6b demonstrates a curvilinesr binding, with a low affinity
constant of 5.7 % 10°and a high affinity constant of 1.0x 107,

DETAILED DESCRIFTION OF THE INVENTION

The terms “TACI" snd “TACI protein” are used interchangeably to define the
TINF receptor disclosed by WO 98/39361. TACI comprises &n extracellular domain, a
transmembrane domain, and n cytoplasmic dopein.

“Fragments” of TACI encompass truneated amino acid sequences of the TACI
protein that retain the biological ability to bird to TACI-L. Anexsmple of suche
fragment is the exiracelluler domain of TACY. Such fragments are identified in WO
98/39361, which is incorporated in this application in its entirety.

5



. “Soluble TACE includes trancated proteins that lack 2 functional ransmembrane
domain of the protein but retain the biological activity of binding to TACI-L. The
soluble, extracellular domiin can be used to inhibit cellular activation.

“Homolopous analoge” of TACT inclede isolated nucleie acids of the TACE
5  protein that are at least sbowt 75% identicd to SEQ.IDNO.:1 and retain the biclogical
activity of binding to TACT-L. Also contemplated by the term are embodiments in which
a nucleic acid molecule comprises a sequence that is at Jeast 80% identical, ot least 90%
identical, at least 95% identical, at Jeast 98% identical, at Jeast 99% identical, or at least
§9.9% identical to SEQID.NO.:1 and retain the biclogical activity of bindisg to TACL-L.
10 Further inciuded are nucleic acids which are at Jeast 85% similar, st least 95% similar, o
at Jeast 99% similar to nucleic acids that encode the amino acids of the TACH protein, as
described in SEQ, ID, NO.:2, and that maintain a binding affinity to TACI-L. Still

:;g, furthez included are all substmiially homologons analops and allelic variations,

£} The percent identity and percent similar may be determined by visaal inspection
% 15 and mathematical calculation. Alternatively, the percent idenfity of two nuclde acid

g molecules can be determined by comparing their sequences using the GAP computer
4 program, version 6.0 deseribed by Deverex et ab. (Nuel. Acids Res. 12:387, 1584) and
;3 available from the University of Wisconsin Genetics Computer Group (UWGCG). The
= profermed default parameters for the GAP program include: (1) a unary comparisen
g 20  matrix (containing a value of 1 for identities and O for non-identities), and the weighted
jg comparison fatrix of Gribskav and Burgess, Nucl, Acids Res. 14:6745, 1986, as

described by Schwartz and Dayheff, eds., Atlas of Protein Sequence and Structure,
National Biomedicel Research Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for
exch gep and an additional 0.10 penalty for cach symbol in each gap; and (3) ne peoaity
25  forend geps. Other programs used by one skillad in the art of sequence comparison may
also bz used.
The tezms “TACIL” and “TACT Ggand™ are used interchangeabily to define the
member of the TNF ligand family disclosed by WO 98718921, TACI-L is also disclosed
8 “TL5 in EP 0BGY1ROA] and as “63954” in WO 98/27114. The full-length TACI-L
30  comprites an extraceliular domain, a transmembrane domain, and & cytoplasmic domein.
Although the exact Jocation of the extraceflular, ransmembrane, and cytoplasmic
domains may differ slightly due to different analytical criteria for identifying the
functional domains, the range of amino acids 1 10 46 generally represents the intraceliular
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domaiz; amino acids 47 to 72 represent the transmembrane domain, and amino acids 73-
285, the extracellular domain.

“Fragments” of TACI-L encomrpass truncated amino acids of the TACI-L protein
that retain the biolngical ability to bind to TACI. An example of such a fragment is the
extracellolar domain of TACT-L, which binds TACL  Another example of a TACI-L
fragment is amino acids 123-285 of the extracellnlar domain of the TACT ligand.

“Soluble TACI-L” includes truncated proteins that Jack & functional
transmembrane domain of the protein but retain the bielogical activity of binding to
TACL The soluble, extracellular domain can be used to inhibit cellular activation.

*“Homologous analogs™ of TACIL includs isolated nueleie acids of the TACI-L
protein that are at least sbout 75% identical to SEQ.ID.NO.:3 and retain the biological
ability to bind to TACL Also comtemplated by the term are embodiments in which
nucleic acid molecule comprises a sequence that is ¢ least 80% identicel, at lenst 90%
identical, at least 95% identical, at Jeast 98% identical, at least 99% identical, or at Jeast
99.5% identical to SEQ.ID.NO.:3 and retain the bictogical ability to bind to TACL
Further included are rucleic acids which are at least 85% similar, at least 95% similar, or
st Yenst D9% similer to nucleic acids thet encods the amino scids of TACT-L, as described
in SEQ. ID. NO.:4 and that maintain a binding affinity to TACI. Sell further included are
all substantially homelogous analogs and allelic variations.

Sequences are substantialty hemologous when at laast 50% (preferably 60%,
mofe preferably 65%, more preferably 75%, more preferably 85%, and most preferably
99%) of the nucleotides mateh over the defined length of the DNA sequences, Sequences
which are substantially homologous can be identified by comparing the sequences using
software known in the st or by the well-knows Souther hybridization experiment.
Substantially homologous enalogs and sllelic varintions must maintais the same
biological ectivity as the protain they are homelogous o (e.g. bind fo the same receptor
ar Bgand).

The terms “TACKYTACEL complex” or “TACUTACEL interaction” ars used
interchangeably and refer to the protein unit formed by the binding interaction of TACT o
TACLL.

The term “TACUTACI-L fragment complex” intludes the protein units formed in
whith at least one binding partner is either a fragment of TACE or TACI-L {e.g. the
binding interaction of 8 TACT frapment to TACT-L, TACY to 2 TACI-L frapment, ora
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TACT fragment 1o 2 TACE-L fragment) or a homologous analog of TACT or TACHL.
The TACUTACI-L fragmens complex has the same biotogical activity, effects, and uses
a5 the TACITACL-L complex, a5 described below. The term “biological activity”
intludes the binding of TACI to TACLL or fragments thereof.

The term “biological cffects” includes any cellular changes or effects which result
from 2 protein-protein interaction of the interaction of a protein with an agonist or
antagonist. Examples of a biological effect of the TACHTACI-L complex includs an
increase or decrease in Ca™ jons resulting from a protein-protein intzraction or the
activation of the transcription factors, NF-AT, AP-1 and NFxB.

“The TACHTACLL interaction is a protein-protein interaction. Protein-protein
interactions can be observed and measored in binding assays using a variety of detection
methodologies that include, but are not fimited t0, surface plasmon resonance (Biscore),
radioimmune based assays, and flucrescence polarization binding assays, Whes
performed in the presence of a test compound, the ability of the test compound 1o
modulate (e.g. enhance or inhibit) the protein-protein binding affinity is measured. In
one exmbodiment of the instant invention, the binding interaction between TACI and
TACI-L occrrs between the extracelinlar domain of the TACT protein and amino scids
123285 of the extracelhnlar domein of the TACI ligand.

"The discovery of the interaction betwecn TACT and TACIL is described in detail
in Examples 1-3. Bricfly, a lipand expression constract was tmnsfected into cells. The
cells were incubated with TACL:Fe, bound with on antibedy of TACTFc, md followed by
a detecting agent. A soluble form of TACLL was used in verifying the interaction and
was produced by fusing 2 CMV leader sequence followed by a leucine zipper motif 10 the
polypeptide. Other nseful leader sequences include IpKappa and Growth Hormone. PCR
was used to umplify the cDNA seqnence which encodes the extracellular domain (amino
acids 123-285) of TACI-L by using the restriction sites of specific oligonucleatides.
CMV and fencine zipper sequences can be obtained by methods well known in the am,
such a5 by PCR or by enzymatic digestion of previously cloned sequences. Thesz
fragments are Higated and inserted into the spprogriate expression vector. (Smith et &,
Cell, Vol 73, 1349-1360.) ’

The interaction between TACK and TACE-L was further characterized by plate
binding nsseys, as described in Exanples 4 and 5. Plate binding assays were condacted
capturing either the TACI protein or the TACT ligand. In each instance, a high affinity
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constant was obtained, demonstrating the close binding interaction between TACK and
TACHL.

The discovery and understanding of the interaction between the extmacelinlar
region of TACT and TACT-L can be used to determine potential agonists o antagonists
nd to further develop understanding of which cell types TACE-L acts upon. Assays may
utilize the interaction betwesn TACILL and TACT to screen for potential inhibitors
{antagonists) or enhancers {agonists) of activity associated with TACI-L molecules and
identify candidate molecules which may serve as therapeutically active agents that
enhance, inhibit or modulate the TACUTACI-L complex. Potential antagonists to the
TACUTACI-L intetaction may includs small molecules, peptides, and antibodies that
bird o and occupy the binding site of either TACT or TACI-L, causing them to be
unavailable to bind to each other and therefore preventing normal biological activity.
Other patential antagonists ae antisense molecules which may hybridize to mRNA in
vivo and block translation of the mRNA into the TACLL protein. Potential agonists
include small molecntes, peptidss and antibodies which bind to TACT or TACEL, and
elicit the same or enhanced biological effects as those caused by the binding of TACI 1o
TACIL.

Small molecules are usually less than JOK molecular weight and possess a
number of physiochemical and pharmacological properties to exhance cell penetration,
resist degradation and prolong their physiolopical haif-lives. {Gibbs, J., Pharmacentical
Resenrch in Molecular Oncology, Cell, Vol. 79 (1994).) Astibodies, which include intact
molecules as well as fragments such a5 Fab and F(zb’)2 fragments, may be vsed o bind
to and inhibit the TACKTACT-L complex by blocking the commencement of the
signaling cascade. Such activity by the antibodies could be useful in the treatment of
Acute Respiratory Disease Syndrome (ARDS). (WO 9818921 a2 §7.) Ttis preferable
that the antibodiss are humanized, and more preferable that the antibodies are human.
The sntibodies of the present invention may be prepared by any of 2 variety of well-
known methods.

Antagonists may be employed to inhibit {antagonize} the interaction between
TACI and TACI-L for therapentic puposes to treat fumor and tumor metastasis and to
combal varons autoimmeone disenses that may be modulated by the TACUTACLL
complex, ¢.g. multiple sclerosis and diabetes, as well as other disorders, such as viral
infection, theumatoid arthritis, graft rejection, ind IgE-mediated allergic reactions. A
further disorder that may be treated by antagonists of the TACI/TACI-L interaction s



BEUOEHMD" 2R 2REGH

L% ]

10

15

20

30

infammation mediated by the interaction, In general, the interaction may be used to
study cellular processes associated with TNF-receplars such as immune regulation, cell
profiferation, cell death, and inflanmatory responses.

Specific scresning methods are known in the art and many are extensively
incorporated in high throughput test systems so thai Jarge mumbers of test campounds caa
be screened within 2 short amount of time, The assays can be performed in a variety of
formats, including protein-protein binding assays, biochemical screcning assays,
immunoassays, cell based assays, etc. These assay formats are well known in the art
The screening assays of the present invention are amengble to screening of chemical
lihraries and are suitable for the identification of small molecule drug candidates,
antibodies, peptides.

A particular example of an assay for the identification of potential TACY
antagonists is a competitive assay which combines TACI-L and a candidate molecule
with TACT under the appropriate conditions for a competitive assay. Bither TACIor
TACT-L can be labeled 50 that the binding may be measured and the effectiveness of the
entagonist judged. The label allows fur delection by direct or indirect means. Direct
means include, but are not limited to liminescence, radioactivity, optical or electron
density. Indirect means include but are not imited to an enzyme or epilope 1ag.

By observing the effect that candidate molecules have on TACIUTACIL
complexes in various binding assays, on TACUTACI-L mediated activity in functional
tests, and in cell based screeas, molecules that are potential therapentics because they can
modulate the TACITACHL-binding interaction are identified. Such molecules either
mimic the biological activity of the TACUTACI-L complex, prevent the formation of the
TACVTACI-L complex or inhibit dissotiation of the TACHTACI-L complex already
formed. Molecules preventing the interaction of TACT and TACTY, may be useful when
enhancement of the immune system is desired. Antsgonists of the dissociation of the
TACHTACI-L complex may be useful as immunosuppressants or antiimflammatory
agents.

Molesules which inhibit er prevent the dissociation of the TACUTACI-L complex
can be identified by forming the complex in the shsence of a candidate molecule, then
adding the candidate molecule to the mixture, and changing the conditions so that, but for
the presence of the candidate molecule, TACT would be released from the complex, The
concentration of the free or bound TACT could then be measured and the dissociation
constant of the complex could be determined and compared to 8 control.

10




B IERG " E98 el

10

13

20

30

Axnother method by which molecales which inhibit the interaction between TACT
and TACE-L czn be identified is the solid phase methed, in which TAC is bound and
placed in 2 medium with Iabeled TACI-L. After contact with a candidate molecule, the
amount of signal produced by the interaction between TACI 2ud TACHL is measured.
Diminished levels of signal, in comparison to 2 control, indicate that the candidate
smolecule inhibited the interaction betweea TACK and TACI-L. In a furtber embodiment
of this method, TACI-L counld be bound and TACT J2beled.

- Screening assays can fusther be designed to find molecyles that mimic the
biologicat activity of the TACI/TACI-L complex. Molecules which mimic the biological
activity of the TACT. ACLL complex may be usefil for enhancing the interaction. To
identify coraponnds for therapeuticaily active agents that mimic the biological activity of
the TACUTACI-L compiex, it must first be determined whether a candidate molecule
binds to TACLor TACI-L. A binding candidate molecule is added to a biological assay
1o determine its biological effects. The biuiugica] effects of the candidate molecule are
then compared to the those of the TACUTACI-L complex.

Thaus, the present invention encampasses methods of screening candidate
molecules for their ability to modulate TACUTACLL complexes and their ability to
modulate activities mediated by TACHTACL-L complexes, By observing the effect that
the candidate molecule has on the known binding characteristics of TACE, TACI-L or
fragments therecf, compounds that inhibit ar enhance TACUTACI-L binding cam be
identified. Typical candidate molecules are small molecules, antibodies, or peptides and
may be part of extensive small molecule libraries developed for use in screening
methods, In this context, the idenfifivation of small molecules which may interact with
the TACT protein or the TACT ligand can be used 1o develop drugs that modulate the
activation pathway and may allow physicians to treat distinct immens conditions without
the negative side effects present in cument thernpies. For such therapeutic uses, the
egonists or antzgonisty of the TACUTACLL complex identified can be administered
throngh well-known means, including parenterally (subcutaneous, intramuscular,
inavenous, jotradermal, ete. injection) and with a snitable carrier. Formulations suitable
for parcoteral administration include pquegus and non-aqueous stexile injection solutions
which may contain anti-oxidants, buffers, bacteriostats and solutes which render the
formulation instonic with the blood of the recipient; and aqueous and non-aqueous sterile
suspensions which may includs suspending apents or thickcrﬁﬁg agents. The dosage will
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depend on the specific activity of the vaccine and can be readily determined by rontine
experimeniation.

Generally, the conditions for an assay are conditions under which TACI and
TACL-L would aormally interact, In other words, for an assay to idemtify the inhibitor of
the TACLTACI-L imteraction, the conditions would be such that, but for the candidate
molecule, TACT and TACI-L would bind.

The following examples are offered by way of illustration, and not by way of
Emitation, Those skilled in the axt will secognize that variations of the invention
embodicd in ths examples can be made, especially in light of the teachings of the verious
references cited herein, the disclosures of which are mcorperated by reference in their
entirety.

EXAMPLE 1
GENERATION OF TACLFC

This Example describes a method of generating TACI-Fc, The cDNA sequence
encoding the extracellular domain of TACI (amino acids 2-166) was amplified by PCR
using & sease primer (5'-alazccggtagigacoiggacoggageaggegep-3’) (SEQ. ID. NO. 6) and
an anlisense primer (5 -atangatelgggcicgetplagaccagggecacctgate) (SEQ. ID. NO. 7).,
The amplified PCR fragment was digestsd with the appropriste restriction enzyme ad
then Jigated into the mammalian expression vector pDC409, in-frame with the Ig kappa
leader sequence at the 5* end and with the Fe portion of human IgG1 at the 3’ cad. The
plasmid was transfected transiently in CVI/EBNA cells and the soluble protein TACIFC
was prrified on & protein G-sepharose column. Protein concentration was dstexmined by
BCA analysis, Purity was assessed by SDS-PAGE anslysis which, under reducing
conditions, showed a single band at 42kDa,

. EXAMPLE2
G CREENINGBY S INDING ASSA

This Example describes the method of 2 slide binding assay and demonstrates that
the TACT-Fe protein interacted only with TACKL. The purified TACIFc was usedto
screen against a cDNA panel containing known members of the ligand family (4-1BBL,
CDA0L, OX40L, CDZIL, CD30L, RANKL, LT-alpha, LT-beta, LIGHT, TWEAK, FasL,
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TRAIL, proTNF and TACL-L). TACI-Fc was then bound to the slides by adding 2 pg of
the DNA encoding the members of the lgand famdly to a sterile whe and adding 75 uM
choloroguine in transfectionfgrowth medium to & final volome of 175 . 25y of
DRAE-dextran (4mp/ml in PBS) was then added to the DNA solution and mixed.

The growth medium wes aspirated from the slides and repleced with 3 m! of 75
pM chloroquine in the transfection/growth medium, followed by the addition, of the
DNA/DEAE-dextran mixture 1o the celis, The slides were rocked side-to-side and back-
and-forth 1o distribute the precipitated DNA evenly. The slides were incabated at 37°C
for 4.5 houss.

The medium was aspirated and 3 m} 10% DMSO was added in the
wansfection/prowth medinm. After a 5 minute incubation pericd at room lemperature,
the medium was aspirated again and replaced with 3m fresh transfection/growth
medium. The cells were then incubated at 37°C for 2 days to allow for expression of the
transfected cONAs.

Ta sereen for positive pools expressing the cell-bound protein, slides were
incubated with TACLFc and then with a radiciodinated protein probe (labeled goat anti-
human Fc F{ab")2) for 30 minules at room temperature, The probe solution is then
removed by aspiration and washed to remove the non-specifically bound probe. Finally,
the slides were fixed by incubating each slide with 1 ml 2.5% glutaraldehyde in PBS for
30 minutes at room temperature to retain specificaly bound label, The slides were then
washed twice with 1 ] PBS snd air-dried.

The dried slides were dipped in liquid photographic cmulsion that has been
warmed to 42°C, dried at room temperature and exposed for 2 days at room temperature
before developing, The slides were examined at 25 x magnification ender bright-field
illumination to detect cell types wpon which the ligand is acting. TACI-Fe protein wes
found 1o bind only to cells iransfected with the TACI-L. The ability of the TACI-FC to
bind to CV1 expressing the TACL-L was also demonsirated by the well-known methods
of flow cytometry.
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EXAMPLE 3
IMMUNOFRECIPITATION OF
MEMBRANE ~ASSOCIATED TACI WITH THE TACLLIGAND

This Example demonstrates the interaction between the TACI protein and TAC)-
L. CV1 cells were transfected with soluble TACI-L plasmid and the two day supematant
was harvested. CV1 cells were wansfected with membrane associated TACT and
metabolically labeled with 355-CYS-MET two days post-transfection (labeled cell
lysate). Supernatant containing TACT-L was used in immunoprecipitation experiments
with labeled cell Iysate. A specific band at 45 KDz which was consistent with the
predicted size of TACT was obtained, as shown in Figure 1. Thus, the intexaction
hetween the TACT protein and TACH-L was confimed.

EXAMPLE 4
PLATE BINDING ASSAY CAPTURING TACLL

This example further characterizes the interaction between TACT and TACT-L by
conducting  plate binding assay and demonstrates the high affinity between the proleins.
Equilibrium binding isotherms were determined in 96-well microtiter plates that had been
coated with TACI-L COS expressed supematants, captured through Leutine Zipper M13
antibody. Plates were incubated with § g/l 1Z M15 in PBS for 4 hrat 4°C." After
being washed 3 times with PBS, the plates were incebated with a 12 or 1:5 dilution of
the COS expressing TACT suparnatant in PBS/0.05% Tween 20 for 12 hours at 4°C. The
plates were then washed for an additional 3 times with PBS and nonspecific binding sites
were blocked with 300 jlwel of & binding media (RPMI 1640, 2.5% BSA, 20MM
HEPES, 0.02% sodium zzide pH 7.2) and 2.5% non-fat dried milk. The plates were
incubated for 1 hovr at rom lemperature sod weshed 3 times with PBS.

HuTACHFe was dituted to 2pg/m] to the first well, and serial dilutions were
performed against the binding media. Incubation ocourred for 2 hours st 4°C. Plates
were then washed 3 times with PBS. A final incubation occurred for 30 minutes at room
temperature with 125 ng/ml 125-1 goat anti-human F(ab*)2. The goat anti-human Fleb')2
was labeled with 1251 uging solid phase chloramine T analog (Todogen; Pierce
Chemical, Rockford, IL) to a specific radioactivity of 8.73¢i4 cpm/mmol. Nonspecific
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binding was determined in the presence of 1000-fold excess of unlebeled goat anti-human
F(ab")2. Plates were washed 3 times in PBS and the specifically bound ligand was
released with SOmM citrate (pH 3.0) and then gamma counted. Data was processed as
described (Dower et al, 1984).

Figure 4a dernonsirates the results of the assay using 1:2 dilution and shows the
complete saturation of the meeplor binding sites. Figure 4b, the Scatchard graph
comresponding to Figure 42, demonstrates the actual number of sites that were actually
bound. From these results, the affinity constant of 1.53 x 10° can be penerated,

Pigure 5z demonstratas the results of the assay using 1:5 dilution snd shows the
complete satumtion of the receptor binding sites. Figure 5b, the Scatchard graph
romresponding to Figure Sa, desionstrates the actual number of sites fhat were actuaily
bound. From these results, the affinity constant of 2.2 x 107 is shown.

EXAMPLE 5
PLATE BINDING ASSAY CAFTURING HuTACUFC

This example also characterizes the interaction between TACT and TACI-L by use
of a plate binding assay and further demonstrates the high affinity between the proteins,
Equilibrium binding isotherms were determined in 96-well microtiter plates that had been
coated with EuTACIFe, captured through goat anti-human Fe polyclonal antibody.
Plates were incubaled with 3 pg/ml poat mti-human FC in PBS for 4 bours at 4°C. After
being washed 3 Simes with PBS, the plates were incubated with 0.1 pg/ml Fe ¢himera in
PBS/0.05% Tween 20 for 12 hours at 4°C snd then washed for an additienal 3 times with
¥BS. Nouspecific binding sites were blocked with 300 ultwell of 2 binding media (RPMI
1640, 2.5% BSA, 20MM HEPES, 0.02% sodiom azide pB 7.2) and 2.5% non-fat dried
milk, The plates were incubased for 1 hour at room temaperature and then washed 3 times
with PBS. TACE-L was expressed in COS celis and concentrated 10-fold. '

TACI-L supernatant was diluted 1:10 to the first well, and serial dilutions were
performed against the binding media, Incubation occurred for 2 hours at 4°C. Plates
were then washed 3 times with PBS. A final incubation occurred for 30 minntes at room
temperatire with 125-F Leucine Zipper M15. Leucine Zipper M15 (LZMI5) was labeled

* with 125-] using solid phase chloramine T analog (Todogen; Pierce Chemical, Rockford,

1L} to a specific radioactivity of 8.73el4 cpm/mmol. Nenspecific binding was
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determined in the presence of 1000-fold excess of unlabeled LZM15. Plates were
washed 3 imes in PBS and specificaily bound ligand was released with S0mM citrate
(pH 3.0) and then gamms counted. Data was processed as described (Dower etal,,
1984).

5 Fipure 6a demonstrates the complete sanmation of the receplor hinding sites.
Figure 6b, the Scatchard graph which corresponds to Figure 62, demonstrales the actual
numnber of sites that were scrually bound, The Searchard graph of Figure &b
demionstrates a curvilinear binding, with a low affinity constant of 5.7% 0" and 2 high
affinity constant of 1.0 x 10™. Figure 6 demonstrales tiat the majority of the binding

10 occumed at an affinity constant between 2 -3 x 107,
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What is claimed:

A method of screzning a candidate molecule to ideatify its ability to inhibit or
preveat the dissoriation of a TACHT. ACEL complex, szid method comprising the
steps of:

1

N

forming said TACVTACLL complex or a TACHTACI-L fragment
complex in the absence of said candidate molecude;

adding said candidate molecule to a medium containing said TACKTACT
L complex or said TACUTACI-L fragment complex;

changing the conditions of said medium so that, but for the presence of
said candidate molecule, said TACT ar TACT fragments, would be released
from the complex;

measuring the concentration of free or bound said TACT, TACEL or
frapments thereof; and

determining the dissociation constant of said TACYTACI-L complex ar
seid TACUTACI-L fagruent complex and comparing said constant to &
dissociation constant of a TACVTACI-L complex or TACVTACI-L
fragment complex measured in a meditm pol conteining the candidate

molecule,

A method of screening a candidate molecale to identify its ability 10 inhibit a
‘TACITACI-L complex, said method comprising the steps oft

a.

adding TACT to 2 medium containing TACE-L and said candidate
molecule, wherein one of either said TACT or said TACL-L is Tabeled and
the other is bound;

mezsuring the level of signal produced; and

comparing the Jevel of signal produced in step (b) to the level of signal
produced by a TACUTACI-L complex or TACUTACT-L fragment
complex formed with said labsled TACT or TACI-L in the absence of said
candidate molecule;

wherein diminished levels of signal produced in step (b) indicate that said candidate
molecule inkibited said TACUTACIE-L complex.

17
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A methed of screening 2 candidate melecule to identify its ability to mimic the

hiclogical activity of the TACVTACL-L corsplex, said method comprising the

steps of

a, determining if said candidate molecuie binds to TACT, TACI-L or fragments
thereef;

t. adding said candidate moleculs to a biological assay to determine its biological
effects; and

¢. comparing said bielogical effects of said eandidate molecnle with the
biplopical effects of said TACUTACEL complex or & TACVTACHL fragment
complex.

A method of screening a candidate molecule to identify its ability to be useful in
the treaunent of diseases modulated by ths TACVTACI-L complex, said method
comprising the steps oft

a. forming said TACUTACI-L complex or a TACHTACT-L fragment
complex in the absence of seid candidate molecule;

b sdding said candidate molecule to a medium containing said TACVTACK-
L complex or said TACITACLL fragment complex;

G changing the conditions of said medium so that, but for the presence of
said candidate moleculs, said TACE or TAC! fragments, would be released
from said TACUTACI-L commplex or ssid TACUTACEL fragment
camplex;

d. measuring the concentration of free or bound said TACTL TACIH-L or
fragments tkereof; and

e determrining the dissociation constant of sasid TACUTACI-L complex or
said TACUTACT-L fragment complex and comparing szid constant to a
dissociation constant of a TACYTACI-L complex or TACITACI-L
fragraent comylex measured in a mediue not containing the candidate
molecule,

A method of screening a candidate molecale to identify its ability to be osefulin

the treatment of discases modulated by the TACUTACE-L complex, said method
comprising the steps of:

18
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2 adding TACIto a mediurm containing TACLL and seid candidate
molecnle, wherein one of either said TACK or said TACI-L is lsbeled and
the other is bound;

b measuring the level of signal produced; and

¢,  comparing the level of signal produced in step {b) to the level of signal

" produced by a TACUTACE-L complex ar TACYTACKL fragment
complex formed with said Iabeled TACI or TACIL in the absence of said

candidate molecule,

A method of screening a candidate moleculs 1 identfy its ability to be uszfol in

{he treatment of diseases modulated by the TACUTACI-L complex, said method

comprising the steps of:

a. determining if szid candidate molecule binds to TACT or TACI-L;

b. adding said candidate molecule to 2 biclogicel assay to determine its biological
effects; apd

¢. comparing the biological effects of said candidate molecule with the
bislogical effects of said TACUTACE-L complex or 2 TACUTACH-L fragment
complex. ’

The method of my one of claims 1 through 6 in which the candidate molecule is
selected from a group consisting of a small molecule, antbody, or peptide.

The method of claims 1, 3, 4 or 6, in which either TACT or TACI-L, ot fragments
therzof, is Izbeled.

The method of any one of claims 1 through 6, in which at Jeast one fragment of
said TACHTACE-L fragment complex is soluble, .

“Ike method of any one of claims 1 through 6, in which said TACI/TACEL -

complex is comprised of the sequence of SEQ. ID. NO.:2 2nd the sequence of
SEQ.ID.RO.4.
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A method of screening a candidate molecule to jdentify its ability to inhibit
{antagonize) or sgonize a TACYTACT-L complex, said methed com_prising the
steps of:

(a)  adding said candidate molecule to a medivm which contains cells
expressing TACT and celis expressing TACEL;

()  chenging the conditions of said mediwm 5o that, but for the presence of
said candidate molecule, said TACHTACE-L complex and/or &
TACUTACT-L fragment complex would be formed;

(&) determining the level of biclogical activity of said TACKTACT-L complex
and/or said TACI/TACI-fragmeat complex formed in said medium; and

{(d)  comparing the level of biological activity of step {c) with the level of
biclogical activity that oceurs in said medium in the absence of said

candidate molecule.
An antagonist as identified by the method of claim 11.
An agonist as jidentified by the m;ﬂsod of claim 11.
A method of modulating a:& intracellular signaling cascads medinted by the
TACUTACI-L complex in a mammal compdsing administering to such a

mammal an cffective amount of an agonist or an antagenist of the TACKTACI-L

cémplex.
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ABSTRACT

The invention discloses a novel interaction between 2 TINF receptor (I‘Atﬂ) and
its interacting lipand (TACI-L). Also disclosed are methods of scresning
candidate molecules o determine potential antagonists and agonists of the
TACUTACL-L imeraction. The use of the antagonists and agonists as therapeutics
to treat auloimmune diseases, inflammation, and to inhibit graft vs. host rejections
is forther disclosed.
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AGCATCCTGA
CORSUAGGAG
AGRGCAMFTAC
TCAGRGCTASG
CAAGTICTAT
COCTARGCRR

CTAATCRCAL

TCCTIGGAGAR

GTARIGAGTG GCCTOGORCE GAGCRGGLGR GGTGGLCRGER GULGIDTGGA
COCTTICCAR ACGOOSTCTC GACKCGASTE GLIATGREAT CCTHOCTIGA
TEEEATCLTC TUCIGCETAD CIGCRYGILT TGCARAACCA TITGCRACCA
COCACCIGIG CAGCCTTCTG CAGGTUACTC RGCIGCCGCA RASGAGCARCE
CRCOATCTON TGRABGGACTG CNJG\GCTGT GCCTCCATCT GTGGACAGCA
TGTGCATACT TCTGIGAGAA CARGCTCAGG AGCCCAGTGRA RCCTTCCRCC

AGACAGCGCR GIGGAGAAGT TGRARACART TTAGACAALT CGGGAALGTA
GCACCACAGAG GCTCAGARGE AAGTCCAGCT CICCCGGLILC IGARGUTGAG
GTGGUCCIGS TCTALAGCAR GCIGGOGETS TOOCIGICIG CORICCTCTd
LGIGCOCETCE COTCCTICCT CRAASARGRGG GOGRATICRT GLTCUTGCCA
AGGCOCCETC ARAGTOIBGE CAAGTUTTCC CAGGATUACG COATGRANGT
CIGAGCACAT CCRCCGAGRC AGTGERGACT TGCAGCTTCT GLTTLCLIGR
CCCACGOAGE AGAGCGCAGT CROGECTGRS ACCUCCGACC CCACTTGIGC
COGTCCLALA CEMGCACEAC AGTCCTGEAG CCTTGOCCAL ACATCCTAGR
COGEATTOTOT GIGIGCLTOG COAGRALGSE GGLUCASGTR CATAAATGLG
CORAMGGASG AGGUALAGAG ATGEAGAGGA GGGGRGAGASL AARGAGRGST
GAGAGRGATA TGAGCAGAGA GAGACAGAGS AGGCAGRARG GGAGAGRARC
GARAGCGACA GAGACACAGA GGHEACAGAGA GRCAGASGEG RAGHGAGGCR
GAGGCAGAGA AGGRAAGAGA CASGTAGAGA AGGAGAGAGG CAZAGAGGGA
GAGGUAGAGA CGCAGAGRGA CREASAGGER CAGAGGGALA GAGAGAGATA
TCGGGGEALT CIGAGTECCA GTITCCCASTG CRGCTGTAGS TLEICATCAL
GTGCAATARA GTCCITGIGE CIGCTGOTUA CAGCCUCCER GRGCCCUTCC
TARAACCITT GGORGCIGOC CTTULTEAMA ARAAAARARA ARRRRAA

FIGURE 1A
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(start and stop codons are in beld type)
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AGCRAGTTCA
TAGTGATATG
GCCTTRAGAR
CCACGGAAGG
GGCTECAACC
CITTCTACCA
GAGCTGCAGG
CAAGGCCGGC
TTGAACCACC
AAGCGTGCCG
ACTGATTGCA
TTGTTCCATG
GAGAATAAAMA
GGTTTTATAT
RGARGGICCA
TGTATTCARA
TGGCATIGCA
GAGARRATGC
TTGARACTGC
TTTCTCIGTA
AARARRARARL
TAGTGAG

GCCTGGTTAR
GATGACTCCA
AAGAGRAGAA
ARAGCCCCTC
TTGCTECTGE
GGTGGCCGCC
GCCACCACGC
CTGGRAGGRAG
AGCTCCAGGA
TTCAGGGTCC
GACRGTGRAR
GCTTCTCAGC
TATTGGTCAA
ACTGRTRAGA
TGICTTTGGE
ATATGCCTGA
ARACTGGARG
ACARATATCA
TGTGACCTAC

CCTCTARGAA
ARRRAGATCT

GTCCARAGCTG
CAGRRAGGGA
ATGRRACTGA
TGTCCGATCC
CRCTGCIGTC
CTGCRAGGGG
GGAGAAGCTG
CTCCAGCTIGT
GARGGCARCT
AGARGARACA
CACCAACTAT
TTTARRAGGG
AGRARCTGGT
CCTACGCCAT
GATGAATTIGA
BACACTACCC
ARGGAGATGA
CTGGATGGAG
TTACACCATG
GRARAGARATCT
TTAATTAARGC

BATTCCGGTC
GCAGTCACGC
AGGAGTGTIGT
TCCAAAGACG
TTGCTGCCTC
ACCTGGCCAG
CCAGCAGGAG
CACCGCGGGA
CCAGTCAGARA
GTCRCTCRAG
ACAARRAGGA
GAAGTGCCCT
TACITITTTA
GGGRCATCTA
GICTGGTGRC
BATRATTCCT
ACTCCAACTT
ATGTCACATT
TCTGTAGCTA
RACTGAARAT
GGCCGCARGC

FIGURE 2A

AARGTTCRAG
CTTACTTCTT
TTCCATCCIC
GARRGCTGCT
ACGGTGGTET
CCTCCGGGCA
CAGGAGCCCC
CTGARAATCT
CAGCAGAART
ACTGCTTGCA
TCTTACACAT
AGARGARRAA
TATATGGICA
ATTCAGAGGA
TTTGTTTCGA
GCTATTCAGC
GCAATACCAA -
TTTTGGTECA
TTTTCCTCCC
ACCAAAARRA
PTATTCCCIT
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Translation in relevant reading frame (3' 5

MDDSTEREQS RLTSCLKKRE EMKLKECVSI LPRKESPSVR SSKDGKLLAA
PLLLALLSCC LTVVSEFYQVA ALQGDLASLR AELOGHHEAREK LPAGAGAPKA
GLEERPRVTA GLKIFEPPAP GEGNSSQNSR NKRAVQGPEE TVTQDCLQLI
ADSETPTIOK GSYTEVERLL SFKRGSALEE KENKILVKET GYFFIYGQVL
YTDKTYAMGH LIQRKKVHVE GDELSLVTLF RCIQNMPETL PNNSCYSAGI
AKLEEGDELQ LATPRENARQI SLDGDVIFFG ALKLL

FIGURE 2B
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Translation in relevant reading frame (3' 5*):

MARRLWILSL LAVTLTVALA APSQKSKRRT SSDRMKQIED
HIENEIARIK KLIGERTRSG NSSQNSRNKR AVQGPEETVT
ETPTIQKESY TFVEWLLSFK RGSALEEKEN KILVKETGYT
KTYAMGHLIQ RKKVHVEGDE LSLVTLFRCI QNMPETLPNN
EEGDELQLAI PRENAQISLD GDVIFFGALK LL

(SEQ ID NO:3)

FIGURE 3

KIEEILSKIY
QDCLOLIADRS
EIYGQVLYTD
SCYSAGIAKIL
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